The structure o f the com pound Cu(terpy)I2 (terpy 2,2'; 6', 2" terpyridine) was determined at room temperature. It is monoclinic, space group I2/c with a = 13.689(3), b = 9.510(2), c = 11.605(3) Ä, ß = 97.59(4)° and Z = 4. The copper(II) ions are five-coordinated by the three nitrogen atom s from the terpy ligand and the two iodine atoms. The C u N 3I2 polyhedron ex hibits the same unusual "reverse" geometry as is observed for Cu(terpy)(NCS)2. Single crystal EPR measurements o f the iodide and the isothio-cyanate complexes confirmed the structural results, excluding the possibility o f a dynamically averaged geometry.
Introduction
It has been dem onstrated that copper(II) ions in five-coordination tend to stabilize an apically elongated square pyramidal geometry rather than a compressed trigonal bipyramid, if the five ligands are identical [1] [2] [3] . A vibronic coupling model of the pseudo Jahn-Teller type leads to three flat minima in the ground state potential surface corresponding to three square pyramidal conform ations ( Fig. 1 ) [1, 2] . The presence of stereochemically rigid polydentate ligands or packing effects in the unit cell can modify the potential surface and generate minima, corre sponding to geometries different from the square pyramid, however. This seems to be the case for many complexes Cu(terpy)X2 where the terpyri dine ligand imposes considerable strain on the bond distances and angles of the C uN 3X 2 entity. W hereas in [Cu(terpy)Cl2] • «H-,0 (n = 0; 1) [4, 5] , [C u(terpy)(N 02)2] H 20 [6 ] , [C u(terpy) (N 02)( N 0 3)] • 2 H 20 [7] and [C u (terp y )(H C 0 0 )(H 20 )](C 104) [8 ] the copper(II) polyhedron is a distorted square pyramid (with the terpy ligand in the equatorial plane), the com pounds Cu(terpy)Br2 and Cu(terpy)(NCS) 2 exhibit a quite unusual copper(II) coordination [9] . How ever, this unexpected geometry can be verified, if vibronic interactions via the e' modes in D 3h geom etry are considered [2] , Starting from an axially compressed trigonal bipyramid the higher-symmetry e com ponents of the stretching and the two de form ation s' modes transform the molecule into a polyhedron with a specific C2v geometry (Fig. 2 ). These nuclear displacements are "reverse" to those leading into the square pyram id and are induced by steric ligand effects [2, 9] . The geometry, im posed on the complex by the rigid ligand strain, is evident in the m olecular structure of Co(terpy)(NCO) 2 [10] and Zn(terpy)(NCS) 2 [9] , which contain vibronically stable central ions. The strain effect shifts the two minima II and III in the groundstate potential surface toward a "reverse" position ( Fig. 1) .
In this study we present structural and spectro scopic results of the com pound Cu(terpy)I2, which apparently also exhibits this unusual coordination geometry, in com parison to Cu(terpy)(NCS)2.
Experimental Section

Preparation o f the compounds Cu( terpy) X 2 (X = I, N C S )
Powder samples of these com pounds were pre pared following the procedures described in the lit- erature [4, 9] , Single crystals suitable for X-ray analysis and EPR measurements were grown, in both cases, by cooling saturated w a te r: ethanol (1:1) solutions from 75 to 15 °C with a gradient of 0.18 °C hr1.
Analysis fo r C I5H ,,N 3I2Cu
Calcd Found C 32.7 C 32.6 N 7.6 H 2.0, N 7.7 H 2.1.
Analysis fo r C l7H IIN 5S2Cu
Calcd Found 
Physical measurements
The ligand field reflection spectra were recorded on a Zeiss PM QII spectrophotom eter (Infrasil) with a low-temperature attachm ent. We used Sr2Z n T e0 6 (4000-12000 cm -1) and freshly sin tered MgO (8000-30000 cm -1) as standards. The EPR spectra were taken with a Varian E 15 spec trom eter working at 35 GHz. D PPH (g = 2.0037) was used as internal reference.
X-ray structure determination
The intensity data were collected on a STOE dif fractometer (M oK a radiation, graphite m onochro m ator) with a dark green single crystal (dimension: 0.5 mm ||c , 0.17 mm JLc) of the com position C I5H u N 3C uI2 (mol wt 550.6, D m = 2.39, D x = 2.44 g-cm -3). The dom inant crystal faces were {1 1 0 } and {0 1 1 }, but faces {1 0 0 } and {0 0 1 } are also seen. The setting corresponds to a monoclinic cell (space group I2/c) with a = 13.689(3), h = 9.510(2), c = 11.605(3) Ä, ß = 97.59(4)°, V = 1497.5 Ä3, Z = 4. Because this cell is very similar to that of the analogous brom ide [9] (a -13.767(4), b = 9.280(10), c = 11.396(7) Ä, ß = 96.70(4)°) in I2/c, the starting param eters were taken from this compound. The brom ide complex was originally described in C 2/c with a = 16.818(3) A ,b = 9.280(10) Ä, c = 11.396(7) Ä, ß = 125.61(4)° [9] . The applied transform ations o f the positional parameters are x, l-> \ 1 / 2 + x -z (see Table I ) and those of the unit cell param eters 101, 0 -1 0 , 0 0 -1 , respectively.
Out o f 1325 measured independent reflections up to 9m. dX = 25°, 957 were taken as observed (F > 3cr(F)). The final /^-values for the refined 21 non-FI atom s (Cu and I anisotropic, C and N isotropic) were R = R w = 3.7% for the 957 observed reflec tions and R = 6.3%, Rw = 4.6%, for all 1325 re flections. O ut o f the 368 unobserved reflections 8 6 were calculated > 2cr(F) in the final refinement.
The final atomic param eters are given in Table I , the resulting bond lengths and angles in Table II Figure 3 shows the molecular geometry of Cu(terpy)I2 which is practically identical with the one reported for the analogous bromide and isothiocyanate com pounds [9] . The copper(II) ion is coordinated by the three nitrogen atom s from the terpy ligand and the two iodide ions. W ith respect to the molecular geometry of the bromide deriva tive, only the Cu-halide bond distances are larger by about 0.15 A. Each molecule lies astride a crystallographic 2 -fold axis (through C 8 -N 2 -C u ) which is also the direction of the b axis. The N 2 and N 1 atom s and the N 2 and I atoms, respective ly, lie in planes, which are rotated with respect to each other by 91.5°. The coordination polyhedra with (approximate) C2v symmetry correlate neither with a trigonal bipyramid nor with a square pyramid. The geometry is extraordinary for fivecoordinate species and has been called "reverse" [2, 9] (Figs 1,2) .
Results
Structure
Spectroscopy
The EPR powder spectrum of Cu(terpy)I2 is orthorhom bic with g values o f 2.203, 2.108 and 2.066 (g = 2.126) at 298 K, which remain nearly un changed down to 4.2 K (2.197, 2.105, 2.070; g = 2.124). In the room temperature single crystal ex periments only one signal is observed in each plane in accordance with four magnetically equivalent polyhedra in the unit cell.
A single crystal with the shape depicted in Fig. 4 was used. The crystallographic axes were deter mined by microscopic examination. The crystal was rotated around three mutually orthogonal di rections. Two o f them were parallel to the crystal lographic b and c axes, while the third (a*) m ade an angle of 8° with respect to the a axis. The angu lar dependencies o f the g values (Fig. 4) led to the principal tensor components: g, = 2.108, g2 = 2.201 and g3 = 2.062 (g = 2.124). The orientation matrix of the g-values with respect to the crystallo graphic axes is:
f the C2 axis and the two axes perpendicular to C2 located in the mirror planes (assuming C2v geometry) are chosen as preferred directions x, y and z for the orientation of the g-tensor (Fig. 3) , the following orientational matrix results:
which is identical with the one defined above w ith in the experimental error. As expected the g-components follow the symmetry elements o f the molecular entity: g, = gt, g2 = gv and g3 = g_. Single crystal EPR results were also recently re ported for Cu(terpy)(NCS)2. Similar g tensor com ponents, but with an even more distinct orthorhombicity, were found [9] . In contrast to our pres ent results: gv > gv > g., a sequence g,. (2.250) > g. (2.113) > gv (2.032) was proposed, however. This disagreement led to us to repeat the measurements for the NCS" derivative. We used a crystal with the shape as depicted in Fig. 5 . The faces were m easured (optical goniometer) and the crystallographic axes determined. The principal g-components, deduced from the angular depend encies o f the g values, are g, = 2.118, g2 = 2.249 and g3 = 2.031 (298 K), in agreement with those previously reported [9] , With analogous presum p tions to those in case of Cu(terpy)I2, we obtained the following orientation matrices:
which are again identical within the error limits o f the crystal adjustment. One obtains gv = 2.118, g, = 2.249 and g. = 2.031, consistent with those for the iodide derivative. The shape of the crystal used previously [9] was unusual and is shown in Fig. 6 . A pparently, in that crystal the crystallographic and laboratory axes were not correctly assigned. We have generated the crystal habitus on the basis of th at one in changed in Fig. 7 o f ref. [9] , which removes the in consistency with respect to g v and g_.
Discussion
The ground-state wave function of a five-coor dinate copper(II) complex along the ± e distortion path can be expressed as follows:
The mixing coefficient "c" is zero for the trigonal bipyramid (dz2 ground state) and c = 1/V3 for the square pyramid (d_2 -v2 ground state) [2] , Nuclear displacements from the D 3h parent geometry in the "reverse" direction (-e) would induce a change from a d . 2 toward a d -2 -v2 ground state (c = -1 /V 3 ). The derived expressions for the g-values [2 ] are: The experimental g-values found for Cu(terpy)(NCS) 2 (see above) and those for Cu(terpy)Br2 (gv = 2.122, gy = 2.238, g_ = 2.030) [9] can be nicely reproduced with "c" values very close to -1 /3 (-0 .3 3 ± 0.02), implying a ground state wave function "between" d . 2 and d.2-* 2. Hence, there is full agreement between the struc tural and spectroscopic results. On the basis of the vibronic model [2 ] , we can now assign the observed transitions in the ligand field reflection spectrum for the thiocyanate complex. Two bands are seen at 10.500 and 13.750 cm -1 (5 K), with the latter of slightly higher intensity [4] . Utilizing the depend ence of the term energies on the -e displacement coordinate for the CuC153~ model case [2] , they have to be assigned to the 2A, ( state is expected to nearly coincide with the 2E band, because of the restricted /7-bonding due to the presence of the terpy ligand. The covalency factor is 0.72, somewhat lower than for the isothiocyanate complex. R ather similar band positions for the square-pyram idal and the reverse geometry are indeed not unexpected for five-coordinated complexes with similar ligands (see Fig. 6 in [2] ).
Surprisingly the g-values found for Cu(terpy)I2 can not be generated with any "c" value in eq.(2 ). If one assumes, however, that the observed "rever se" geometry is the dynamical average of two (II, III) of the three square-pyramidal conform ations in the ground state potential surface o f a C uL5 po lyhedron (Fig. 1) , the experimental g-values can be nicely reproduced with an (isotropic) orbital con tribution u = 0.031, utilizing eq.(2 ) (compare also Fig. 9 in [2] ):
S.-= So + 2u = 2.064 §7 = g0 + 2u sin2 60 + 8u cos2 60 = g0 + 3.5u = 2.11, 17 = gc + 2u cos2 60 + 8u sin2 60: = g0 + 6.5u = 2.204
In Fig. 1 the three minima, generated along the three symmetry equivalent distortion paths with C2v symmetry, correspond to square pyramidal ge ometries with the z-axis fixed in space and with values o f the angular param eter cp = 0°, 120°, 240J [2, 3] , N otwithstanding, the dynamical description has to be rejected since the g-values remain practi cally the same between room temperature and 4.2 K and there is no indication of anomalously large nuclear motions in the thermal ellipsoids of the iodine atoms. Furtherm ore the 5 K ligand field spectrum exhibits two bands at 10.200 and 12.700 cm -1, with the latter transition of distinctly lower intensity [4] , which is characteristic for the reverse geometry. The lower-energy positions with respect to the N C S" complex reflect the exchange of the N C S-by the much weaker I" ligand. Since on the other hand the g-values suggest a geometry, which is the average of two (near) square-pyramidal con formations, we have to assume a markedly delo calized ground state wave function, corresponding to a very flat potential minimum between two saddlepoints at the positions II and III ( 
Conclusions
A t this stage, the structural and spectroscopic results for Cu(terpy)X2 complexes can be under stood on the basis o f the ground state potential surface in Fig. 7 . When X = N C S" there are five N -ligator atom s around copper(II), with nearly the same ligand field strength. In this case, the strain induced by the terpy ligand seems to be the dom inant factor and the "reverse" geometry is sta bilized with respect to the square pyramidal con form ations (Fig. 7a) . Substituting N C S" by weak er ligands, the strain effect on the ground state po tential surfaces varies according to Fig. 7 b (Cl") and Fig. 7c (I~) , or does not change at all (Br"). The experimental sequence of preference of the reverse geometry with respect to the square pyr amid is N C S" ~ Br-> I > Cl , which is indeed not easy to rationalize. As is discussed elsewhere [2 ] , the potential surface in pentacoordinated copper(II) is flat, however, and already small disturb ances by varying packing effects etc. may also change the warping structure significantly.
Particularly interesting is the iodide complex, where a very flat minimum centered at the "rever se" structure is generated. This is indicated by a wavefunction, which is delocalized toward the two adjacent square pyramidal conformations.
